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Abstract 
In this paper, hourly, daily and annual solar resource data derived form the latest SUNY solar model (version 3) using 
visible and infrared satellite data is analysed and compared with ground measured solar data from eighteen northern-
latitude locations distributed all across Canada. The statistics of spatial and temporal differences between the two 
datasets obtained from the two versions of SUNY model, i.e., V1 and V3, are analysed for both global horizontal 
irradiance (GHI) and direct normal irradiance (DNI). SUNY V3 GHI and DNI data set is also compared to a dataset 
produced by the MAC3 cloud layer model for ten northern-latitude locations across Canada. The MAC3 model, using 
ground-based data, is the basis of the weather design input data files referred to in the current Canadian Model 
National Energy Code. It is also the model used for generating the CWEEDS (Canadian Weather Energy and 
Engineering Data Sets) long term hourly dataset, which is in turn used to derive the CWEC files (Canadian Weather 
year for Energy Calculations) also called typical meteorological years. CWEC files are used for design and analysis 
in various applications, including buildings heating and cooling as well as solar systems.  
 
Overall, results show that SUNY V3 has improved slightly compared to SUNY V1 in terms of estimating global and 
beam irradiance. Comparison of the SUNY V3 beta model with the MAC3 model seems to indicate that SUNY V3 
model is resulting in better DNI estimates than those derived by the MAC3 model. Both SUNY V3 and MAC 3 
models give similar estimates for GHI. 
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1. Introduction 
 
Continuous and up-to-date solar resource data is necessary for reliable analysis and design of 
buildings, buildings HVAC systems and solar systems in general (thermal and electrical). Such hourly 
dataset on a 10km2 grid for Canada south of 58 degrees latitude north based on Perez’s State University 
of New York (SUNY) GOES satellite-based solar model was produced first in 2009 using SUNY 
Version 1 model, which uses visible channels satellite imagery (Perez et al. 2002 [1] and 2004 [2]). This 
data covered seven years (2002-2008) and may be found at (ftp://ftp.nrcan.gc.ca/energy/SOLAR). 
SUNY V1 model is the model used to generate the post-1998 US National Solar Resource Data Base 
(NSRDB). 
 
Recently this direct normal irradiance (DNI) and global horizontal irradiance (GHI) satellite-derived 
solar resource Canadian data was updated for the period of eleven (11) years covering 1998 to 2008 using 
improved SUNY model Version 3 beta. This latest SUNY model makes use of both visible and infra-red 
channels imagery and is meant to correct for the winter bias that is experienced when using Version 1 of 
the SUNY model in particular during snow conditions and persistent cloud cover, so-called “Eugene 
syndrome” (Perez et al [3]). Currently and as part of an on-going project, three additional years of solar 
data covering the period from 2009 to 2011 are generated using the latest SUNY V3 model to obtain a 
total of fourteen years of hourly solar resource data for south Canada. 
 
Version 1 of the SUNY model has been extensively assessed mainly with ground measured data from 
US locations and terrains (Meyers et al. 2005 [4], Vignola et al. 2007 [5], Nottrott and Kleissl [6] and 
Gueymard and Wilcox 2011 [7]). Assessment of the very recent version 3 of the SUNY model with 
Canadian ground measured data has just started. In this paper, we present first results from the 
comparison of SUNY V3 both GHI and DNI data with ground measured data from eighteen northern-
latitude locations distributed all across Canada where snow cover is present during the winter in most 
locations. The statistics of spatial and temporal differences between the two datasets obtained from the 
two versions of SUNY model, i.e., V1 and V3 beta, is discussed and analyzed. 
  
Also, at the time when having current representative ground cloud cover observations or estimates of 
solar radiation remains problematic, solar models using satellite data able to cover large land areas are 
rapidly becoming popular. Indeed, network ground observations remain sparse, and since human 
observers at many weather stations are replaced with autostations, specific cloud observations needed to 
make model estimates using cloud layer solar models are increasingly no longer available. To assess the 
potential use of satellite derived solar resource estimates to supplement the cloud layers models, the 
yearly and hourly statistical averages of the SUNY V3 beta satellite data set is also compared to the 
McMaster cloud layer model (MAC3) (Davies and McKay 1982 [8] and 1989 [9]). The MAC3 model is 
the same as the MAC model with aerosol effects neglected. MAC3 gives the best results in general except 
in locations where aerosol effects are important such as in big city centers, e.g., Toronto (see Davies and 
McKay [8]).  
 
MAC3 is the base model used in generating the three solar components (DNI, GHI and the diffuse 
radiation (DIF)), which are included in the Canadian public domain large-scale irradiance CWEEDS 
(Canadian Weather Energy and Engineering Data Sets) dataset. CWEEDS are the source in deriving the 
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typical meteorological years weather in Canada, also called CWEC (Canadian Weather year for Energy 
Calculations) files, which are used by the Canadian scientific and engineering community. CWEEDs and 
CWEC files may be found at (http://climate.weatheroffice.gc.ca/prods_servs/index_e.html). 
2. Comparison of SUNY V3 beta data with ground measurements 
2.1. Measurements 
The sources of measured GHI and DNI solar radiation used in this study include (i) Surveillance of 
Atmospheric Change in Canada (SACC) data for 3 stations. The SACC data is mostly but not all 
Environment Canada’s (EC), and is research-grade since it includes DNI and other fields, compared with 
the regular EC network observations (ii) Fluxnet-Canada data obtained from the Fluxnet network; (iii) 
Environment Canada quality-controlled hourly solar radiation data for 12 stations. The locations for 
which measured data were provided, their period of record, as well the version of the SUNY model 
estimated data was compared to are summarized in Table 1 (also see Figure 1). 
Table 1. Sources of measured data 
Station, Province Version of SUNY compared  Lat Long Starts Ends 
SACC DATA 
Bratt's Lake, SK V3 and V1 50.20 -104.71 2004/12/02 2008/12/31 
Egbert CARE, ON V3 and V1 44.23 -79.78 2005/11/23 2008/12/31 
Varennes, QC  V3 and V1 45.63 -73.38 2006/11/08 2008/12/31* 
Fluxnet Canada data 
Mer Bleue, ON V3 and V1 45.41 -75.48 1998/06/01 2006/12/31 
Groundhog River, ON V3 and V1 48.22 -82.16 2003/08/14 2006/12/31 
Near Campbell River, BC V3 and V1 49.87 -125.29 2000/01/01 2006/12/31 
EC (Environment Canada) data (quality controlled) 
Summerland CDA, BC V3 and V1 49.57 -119.65 1998/01/01 2007/11/11 
Beaverlodge CDA, AB V3  55.20 -119.40 1998/01/01 2004/06/15 
Edmonton Stony Plain, AB V3 and V1 53.55 -114.11 1998/01/01 2005/12/31 
Swift Current CDA, SK V3  50.27 -107.73 1998/01/01 2000/111/14 
Winnipeg Richardson Int’l V3  49.92 -97.23 1998/01/01 2000/11/14 
Elora Research Stn, ON V3 and V1 43.65 -80.42 1998/01/01 2003/07/31 
Egbert CARE, ON V3 and V1 44.23 -79.78 1998/01/01 2003/03/02 
Toronto, ON V3 43.67 -79.40 1998/01/01 2001/01/15 
Ottawa CDA, ON V3 45.38 -75.72 1998/01/01 2002/05/15 
La Grande IV A V3 53.76 -73.68 1998/01/01 2000/08/31 
Fredericton CDA, NB V3 and V1 45.92 -66.62 1998/01/01 2003/03/31** 
Halifax Citadel, NS V3 44.65 -63.58 1998/04/05 2002/04/04 
(*) For Varennes, problems have been found with the measured data from this site. Lots of records were eliminated from the data set 
because of severe flags. Also it was reported that some data not flagged severely might have been included in the dataset 
(**) For Fredericton, the correlation between EC and SUNY data is poor past the end of March 2003. This is probably due to an 
error in the data, however it is not clear whether the EC or SUNY data is to blame. Only data to the end of March 2003 was 
considered to derive statistics in this report. 
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Data were limited to the 1998-2008 period since this is the period for which SUNY v3b data is 
available. For version 1 of SUNY data only 2002-2008 data were considered. The longer period of record 
used for comparison with SUNY V3 enabled the inclusion of more stations from Environment Canada.  
In all, the tests for comparison with V3 beta data included nearly 300,000 hourly global horizontal 
irradiance records from 18 sites, and over 30,000 beam irradiance records from 3 sites. Data from 11 sites 
were used for testing SUNY V1 data which included over 110,000 hourly global horizontal irradiance 
records, and the same number of over 30,000 DNI hourly records. 
 
EC (ground)
EC (HORZ)
Fluxnet
SACC
 
Fig. 1. Measurement sites across Canada 
In terms of instrumentation, stations in the EC network tend to use either Eppley or Kipp and Zonen 
pyranometers. SACC uses Kipp and Zonen CM21 instruments for global and diffuse, while the direct 
beam is either a Kipp and Zonen CH1 pyrheliometer (at Bratt's Lake) or a Middleton Solar DN5 
pyrheliometer (at CARE/Egbert and Varennes). The three Fluxnet Canada stations use Kipp & Zonen 
pyranometers or net radiometers (CM3, CM11 or CNR1). Instrument calibration is expected to be 
excellent for EC and SACC instruments, but may have been less rigorous for Fluxnet Canada stations 
beyond the original factory calibration. Information on how these datasets were prepared to be able to 
complete the comparison may be found in Thevenard 2010 [10]. 
 
2.2. Statistical indicators 
 
The statistical indicators used to characterize model performance are the mean bias error (MBE) and 
the root mean square error (RMSE), defined as: 
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Where N  is the number of records,  H  is the quantity of interest (hourly irradiance or daily or 
monthly average radiation), and the subscripts calc and meas refer to calculated and measured quantities.  
These indicators were calculated on an hourly, daily and monthly basis. In addition, the MBE was 
calculated separately for the 12 months of the year, to assess any seasonal bias of the model. Note that 
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although these calculations are called errors, in the case of SUNY they quantify both model error and the 
fact that SUNY data are representative of averages over a large area viewed by a satellite once an hour 
and are being compared to in-situ single point data averaged over an hour. 
In the analysis, Hourly data considered are hours for which both measured and modelled irradiances 
are above 5 W/m2. This makes sure that the MBE and the RMSE are calculated only for meaningful pairs 
of points (the 5 W/m2 threshold is somewhat arbitrary; other authors use 50 W/m2. This has a significant 
influence on the reported MBE and RMSE so one has to be careful when comparing reported hourly 
performance of models). Daily data considered are only days with at least some data. And the monthly 
data are the months with at least 5 days with data.  
 
2.3. Global Horizontal Irradiance (GHI) analysis 
 
Table 2 summarizes the performance of both versions the SUNY model (V1 and V3 beta) on an 
hourly, daily and monthly basis, for global horizontal radiation. Overall the performance of version 3b of 
the SUNY model is slightly better than that of version 1, with daily MBE and RMSE averaging 1.9% and 
15.0% vs. -2.5 and 19.1%. However this improvement is not uniform in all locations, as is shown 
graphically in Figure 2. The MBE for some stations is higher with the new model; on the other hand the 
RMSE is generally lower. 
 
The behaviour of the new model is still strongly dependent upon the time of year considered, as 
indicated in Figure 3. In most places the performance of the new model is significantly better during the 
summer months than during the winter months. While SUNY V1 underestimate radiation during winter 
months, SUNY V3 seems to sometimes overestimate radiation by large amount. This is despite 
improvements to the SUNY model which enables it to better distinguish between snow and clouds. 
 
GHI average hourly MBE and RMSE of 1.9% (5.6 W/m2) and 27.8% (86.5 W/m2) for SUNY V3 beta 
is consistently better with what is reported in the literature when comparing SUNY V1 with ground 
measurements (see [4], [5], [6] and [7]). Also, Zelenka et al. 1999 [11] reported that hourly global 
irradiance estimates derived from satellite visible channels data have an RMSE of typically 20 to 25% 
(80-100 W/m2). Perez et al. 1997 [12] reported that the hourly RMSE between neighbouring ground 
measurements as a function of distance reach the 20 to 25% within 20-30 km. This means that for any 
application requiring time/site specific data, the user is better off relying on the satellite rather on a 
“neighbouring” ground station if the latter operates further away than 20-30 km from the site. 
Table 2. Statistical summary SUNY vs. measured data for global radiation. 
 Version of SUNY 
MBE RMSE MBE RMSE MBE RMSE 
Hourly Daily Monthly 
(%) 
W/m2 kWh/m2/day kWh/m2/day 
Average over all 18 stations  V3 
1.9 27.8 1.9 15.0 2.1 6.7 
5.6 86.5 0.1 0.5 0.1 0.2 
Average over all 11 stations  V1 
-2.5 33.1 -2.5 19.1 -2.4 8.9 
-8.8 105.2 -0.1 0.7 -0.1 0.3 
 
 Reda Djebbar et al. /  Energy Procedia  30 ( 2012 )  1274 – 1283 1279
-8
-6
-4
-2
0
2
4
6
Br
att
's 
La
ke
, S
K (
SA
CC
)
Eg
be
rt 
CA
RE
, O
N (
SA
CC
)
Va
re
nn
es
, Q
C (
SA
CC
)
Me
r B
leu
e,
 ON
 
(Flu
xn
et)
Gr
ou
nd
ho
g R
ive
r, 
ON
 (Fl
uxn
et)
Ca
mp
be
ll R
ive
r, 
BC
 (Fl
uxn
et)
Su
mm
erl
an
d, 
BC
 (EC
)
Ed
mo
nto
n S
ton
y P
lai
n, 
AB
 
(EC
)
Elo
ra,
 ON
 (EC
)
Eg
be
rt 
CA
RE
, O
N (
EC
)
Fre
de
ric
ton
, N
B (
EC
)
D
ai
ly
 M
BE
 - 
G
lo
ba
l R
ad
ia
tio
n 
(%
)
SUNY V3 beta
SUNY V1
0
5
10
15
20
25
30
35
40
45
Br
att
's 
La
ke
, S
K (
SA
CC
)
Eg
be
rt 
CA
RE
, O
N (
SA
CC
)
Va
re
nn
es
, Q
C (
SA
CC
)
Me
r B
leu
e,
 ON
 
(Flu
xn
et)
Gr
ou
nd
ho
g R
ive
r, 
ON
 (Fl
uxn
et)
Ca
mp
be
ll R
ive
r, 
BC
 (Fl
uxn
et)
Su
mm
erl
an
d, 
BC
 (EC
)
Ed
mo
nto
n S
ton
y P
lai
n, 
AB
 
(EC
)
Elo
ra,
 ON
 (EC
)
Eg
be
rt 
CA
RE
, O
N (
EC
)
Fre
de
ric
ton
, N
B (
EC
)
D
ai
ly
 R
M
SE
 - 
G
lo
ba
l R
ad
ia
tio
n 
(%
)
SUNY V3 beta
SUNY V1
     
Fig. 2. (a) Comparison of MBE between SUNY V3 beta and SUNY V1; (b) Comparison of RMSE between SUNY V3 beta and            
SUNY V1 
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Fig. 3. Monthly Summary SUNY vs. measured data – global radiation 
2.4. Direct Normal Irradiance (DNI) analysis 
 
Table 3 and Figure 4 show the performance of both new (SUNY V3 beta) and previous (SUNY V1) 
model for direct normal radiation (SACC 3 sites only, since other sites do not measure beam radiation).  
 
For the period covering 2004 to 2008 where quality controlled DNI measurements are available, the 
average daily RMSE of SUNY V3 beta has improved from 64% down to 52%. The daily average MBE 
has degraded slightly from 2.5% previously obtained with using SUNY V1 up to 14% with 
SUNY V3 beta.  
 
The DNI average hourly RMSE of 67% (133 W/m2) obtained by SUNY V3 beta datasets for the three 
Canadian sites is an improvement when compared to the performance of SUNY V1 as reported by Myers 
et al. [4] for the 26 US locations (215 W/m2) 
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Table 3. Statistical summary SUNY vs. measured data for beam radiation 
 
 Version of SUNY 
MBE RMSE MBE RMSE MBE RMSE 
Hourly Daily Monthly 
(%) 
W/m2 kWh/m2/day kWh/m2/day 
Average over all 3 stations  
V3 14.3 67.2 14.3 52.1 14.6 25.8 
28.5 133.7 8.4 30.4 8.5 15.1 
V1 2.5 82.3 2.5 64.5 2.1 29.8 
4.6 164.3 1.5 37.7 1.2 17.4 
 
-5
0
5
10
15
20
25
Bratt's Lake, SK (SACC) Egbert CARE, ON (SACC) Varennes, QC (SACC)
D
ai
ly
 M
BE
 - 
Be
am
 R
ad
ia
tio
n 
(%
)
SUNY V3 beta
SUNY V1
     
0
10
20
30
40
50
60
70
80
90
100
Bratt's Lake, SK (SACC) Egbert CARE, ON (SACC) Varennes, QC (SACC)
D
ai
ly
 R
M
SE
 - 
Be
am
 R
ad
ia
tio
n 
(%
)
SUNY V3 beta
SUNY V1
 
Fig. 4. (a) Comparison of MBE between SUNY V3 and SUNY V1 for daily beam radiation; (b) Comparison of RMSE between 
SUNY V3 and SUNY V1 for daily beam radiation 
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Fig. 5. Monthly Summary SUNY vs. measured data – direct radiation 
 
 
As for the GHI, the same remarks apply to DNI. The behaviour of the model is strongly dependent 
upon the time of year considered, as indicated in Figure 5. Large error estimates are found during the 
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winter months. However, these results should be considered with caution as the measurement of beam 
irradiance is difficult and the SACC data contain many data flagged as questionable. Also it is important 
to increase the number and geographical locations of ground measurements for reliable assessment of the 
DNI derived from satellite models such as the SUNY model. 
3. Comparison of SUNY versus MAC3 
Ten special CWEEDS files were prepared with Environment Canada program “HORZ", which makes 
use of the MAC3 cloud layer model to estimate the solar radiation components. These ten files cover a 
variety of climates from Halifax-Nova Scotia to Campbell River-British Columbia. Over 467,000 hourly 
GHI records and 318,000 DNI hourly records were used for testing. Solar radiation in these files was 
compared to solar radiation calculated by the SUNY V3 beta model. The locations for which data were 
provided are summarized in Table 4 (also see HORZ locations in Figure 1). Data were limited to the 
1998-2008 period since this is the period for which SUNY v3b data is available. Information on how 
these datasets were prepared to be able to complete the comparison may be found in 
Thevenard 2012 [13]. 
Table 4. Sources of cloud cover measured data 
Station Lat Long 
Campbell River A, BC 49.95 -125.27 
Penticton A, BC 49.47 -119.60 
Edmonton Int’l A, AB 53.32 -113.58 
Regina, SK 50.43 -104.67 
Winnipeg Int’l, MB 49.90 -97.23 
Toronto Pearson Int’l, ON 43.63 -79.63 
Ottawa M-C Int’l, ON 45.32 -75.67 
Montreal Int’l, QC 45.47 -73.75 
Fredericton A, NB 45.87 -66.53 
Halifax Int’l, NS 44.88 -63.52 
 
Table 5 summarizes the differences between SUNY and MAC3 on an hourly, daily and monthly basis, 
for both global horizontal and direct normal radiation. What is striking is how close the two models are of 
each other in estimating GHI, with an average MBE of only -1%. The difference in estimating the DNI 
between the two models is around 7%, SUNY giving lower estimates than MAC3. A recent study by 
Gueymard [14] has indicated that the MAC model (when accounting for aerosol input data) results in an 
average MBE over the five international locations considered of +7%.  This means that the SUNY v3 beta 
nearly 7% MBE underestimation seems to be in the right direction. 
 
The difference between the two models is strongly dependent upon the time of year considered, as 
indicated in Figure 6. In most places the SUNY model overestimates in winter, compared to the MAC3 
model, and underestimates in the fall. This is consistent with comparisons between SUNY and ground 
measured data, which indicated that SUNY V3 beta tends to overestimate GHI in winter. It is about the 
same trend for DNI. In most places the SUNY model overestimates in the winter from December to 
February, compared to the MAC3 model, and underestimates the rest of the year especially in the fall.  
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Table 5. Statistical summary SUNY vs. MAC3 for global and direct radiation 
 Solar Component 
MBE RMSE MBE RMSE MBE RMSE 
Hourly Daily Monthly 
(%) 
W/m2 kWh/m2/day kWh/m2/day 
Average over all 10 stations  
GHI 
-1.0 30.8 -1.0 18.2 -0.9 6.8 
-3.1 96.3 0.0 0.7 0.0 0.3 
DNI 
-6.7 39.3 -6.7 24.3 -6.3 12.5 
-34.3 200.7 -0.3 1.1 -0.3 0.6 
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Fig. 6. Monthly Summary SUNY V3 beta vs. MAC3 data –  global and direct radiation 
4. Conclusions 
 
Initial results for assessing the solar resource dataset for Canada generated by the newly introduced 
SUNY V3 model are presented in this paper. Results indicate a slight improvement of the SUNY V3 
model compared to the previous version of the model SUNY V1.  Overall, both the MBE and RMSE for 
the global radiation estimates have clearly improved. While the overall MBE of the beam radiation has 
slightly degraded, the RMSE has clearly improved for all three locations where measured DNI is 
available.  
Yearly analysis of the SUNY V3 beta datasets confirmed that the performance of the new model 
depends on the time of the year. While SUNY V1 is known to underestimate radiation during winter 
months, the new model seems to overestimate radiation during the winter. These results will help in the 
on-going development of V3 of SUNY model. 
Comparison of SUNY V3 beta datasets with the datasets produced by the MAC3 model indicates that 
overall the two models result in similar GHI and DNI estimates with a mean bias difference of -1% and    
-7% respectively. Literature reports (Gueymard [14]) indicated that the MAC model generally results in 
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overestimating DNI by about +7%. Therefore, with SUNY V3 beta model resulting in lower DNI 
estimates is in fact desirable. These results are encouraging. SUNY V3 post-1998 datasets will be 
incorporated in the public domain Canadian CWEEDS and CWEC files for about 480 locations south of 
58 North. 
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